The crustacean trawl fishery off the Algarve coast (southern Portugal) takes place on the lower continental shelf and upper continental slope at depths between 150 and 600 m. This is a multi-species fishery targeting the shrimps Parapenaeus longirostris and Aristeus antennatus and the Norway lobster Nephrops norvegicus, with the latter two species the most important in the landings. The fishery is characterised by significant by-catch and discarding of a large number of species. As part of a study on the fate of trawl fishery discards, this component of the study focused on the quantification of the by-catch and discards of crustacean trawlers. Sampling took place on board seven commercial trawlers from June 1998 to October 1999. Data was collected from 48 tows in 22 fishing trips. The observers collected all of the catch that was discarded by the crew during the sorting operation and samples were taken to the laboratory for identification, weighing and measuring. The quantities of target species were recorded along with the presence of retained by-catch. Commercially valuable species that were retained included Plesiopenaeus edwardsianus, Aristeomorpha foliacea, Plesionika sp., and the fishes Lophius piscatorius and Merluccius merluccius. However, most of the species had no or little commercial value and were almost always discarded to the sea (90%). A total of 91 species were identified, 47 vertebrates and 44 invertebrates corresponding to 65 families. The Teleostei (78% and 68%) were the dominant group, both in number and weight. The species Micromesistius poutassou (34%), Gadiculus argenteus (10%) and Hoplostethus mediterraneus (8%) were the most important in weight. Ten species represented more than 82% of all discards in weight. Gadiculus argenteus (29%), Hoplostethus mediterraneus (21%) and Nezumia sclerorhynchus (10%) accounted for 60% of all discards in numbers. Data on the landed species composition is also presented.
Introduction
The crustacean trawl fishery that takes place off the Algarve coast (South of Portugal) is of considerable importance due to the quantity and value of the landings. The most important crustacean fishing grounds in Portugal are located off this coast, contributing an annual crustacean catch of 984.3 tons in 1998 (D.G.P. P., 1999) . This is a multispecies fishery targeting the shrimp Parapenaeus longirostris, the red shrimp Aristeus antennatus and the Norway lobster Nephrops norvegicus. In Portuguese waters, these species are found in areas on the continental shelf and upper slope between 80 and 700 m (S. E.P., 1984) . Although their distributions overlap, P. longirostris prefers sandy mud or muddy sand bottoms between 200 and 400 m, while A. antennatus is more commonly found in muddy areas between 300 and 600 m (Cascalho, 1992) . N. norvegicus has an irregular distribution between 200 and 700 m (S.E.P., 1984), depending on bottom topography and sediment type which is a limiting factor due to its burrowing behaviour (Figueiredo & Viriato, 1992) .
In the Algarve, this fishery takes place at depths greater than 150 m (S.E.P., 1984) following the depth distribution of each species and also in part because of the limitations imposed by legislation that prohibits trawling in areas within 6 miles from the shore. The species are targeted according to a number of factors including their availability, market demand and price (Arrobas, 1982) .
As in others crustacean trawl fisheries around the world (Saila, 1983; Gray et al., 1990; Harris & Poiner, 1990; Alverson et al., 1994; Borges et al., 1998; Merella et al., 1998) , many other species to which effort is not directed are also caught (by-catch) since trawls are not very selective (Dayton et al., 1995; Kennelly, 1995) . Globally, it has been estimated that 2.7 million t of by-catch were caught during prawn trawling in 1978, of which 1.4 million were discarded (Saila, 1983) . According to Alverson et al., (1994) , tropical shrimp trawl fisheries generate more discards than any other fishery and account for just over one-third of the global total. Borges et al. (1998) reported that the discards from the crustacean trawl fisheries in the Algarve ranged from 26% to 91% of the catch in weight, with an average of 70%.
A contributing factor to the by-catch problem in this fishery is the long tow duration, which is characteristic of this fishery. This leads to decreasing net size selectivity as the catch accumulates in the codend (Murawski, 1993) . Part of the by-catch consists of crustaceans, fishes and molluscs with high commercial value and is landed. However, as in other crustacean fisheries most of the by-catch is composed of species of low or no commercial value and is discarded to the sea (Borges et al., 1997) .
The difficulties of managing this fishery are largely due to its multi-species nature and to the lack of information on this developing fishery. Thus, there is at the moment no sustainable management scheme for the commercial species taking into account the bycatch. The by-catch of non-target species and their discarding may have negative consequences for noncommercial as well as commercial species due to influences on species interactions and consequent cascading effects throughout the trophic web (Hongskul, 1979; Saila, 1983; Harris & Poiner, 1990; Alverson et al., 1994; McAllister & Spiller, 1994; Kennelly, 1995; Yamamura, 1997) . However, as Gulland (1972) pointed out, the effects of non-sustainable fishing may not be obvious for some years. Determination of the nature and extent of the ecological interactions between commercially valuable species and less valuable bottom species is important in managing shrimp fisheries and in exploiting demersal fish resources (Sheridan et al., 1984; Kennelly, 1995) . Therefore, in an attempt at establishing a multi-species or ecosystem-based management approach to the crustacean trawl fishery of the Algarve, the quantification of by-catch composition and rates is a necessary pre-requisite. A sampling programme aboard commercial trawlers can be a way to characterise the biological diversity of the fishing grounds. Although Borges et al. (1997) have previously studied the discards of crustacean trawlers, the need for further and more in-depth studies was recognised.
Between June 1998 and October 1999, observers went on board Algarve trawlers. Their main goal was to quantify trawl discards and to assess their fate and importance to marine communities. This study reports the results concerning the species composition and quantities of discards in this fishery.
Material and methods
Trawl catches can vary within the same area, between areas and over time (Saila, 1983) . Since this study was carried out on board commercial trawlers, it was not possible to select the sampling areas beforehand or to randomly stratify the sampling. Therefore, it was not possible to cover all the fishing grounds as the sampling was decided by the trawl skippers who based their decisions on economic considerations. We attempted to sample the greatest possible number of vessels given the available means.
The regular operation pattern aboard a crustacean trawler consists in an immediate separation on deck of commercially valuable species and the throwing back to sea of all the catch that will not be landed (discards). Since by definition discards are never landed, it was necessary to have observers on board the trawls. However, as a prerequisite, a sampling strategy was chosen that minimised interference with normal fishing operations. Observers collected all discards during the sorting process. The volume of fish discarded was estimated by placing discards in plastic 0.03 m 3 fish boxes. Sub-samples were taken that ranged from at least a third of a box to a full box. The sub-samples were taken to laboratories where they were sorted into six main groups of species: Teleosts, Chondrichthyes, Crustacea, Cephalopoda, Gastropoda and Others. The latter group consisted mainly of benthic invertebrates. In the case of relatively small amounts of discards, the entire catch was brought to the laboratory. Although it was not possible to sample the discards of every tow, the main characteristics of each tow were recorded. For some tows, the discard samples were sorted and identified to the species level, and all the individuals measured and weighed.
The composition of the discard samples was used to estimate the total discard composition for each tow. The catch of crustacean target species per tow was estimated by counting the number of baskets of each species. Based on information provided by the skip-pers, the following average values per basket were used: Catches of P. edwardsianus and A. foliacea were estimated jointly because these species are not separated and are landed and sold together. It was not possible to obtain reliable data concerning the quantities of retained non-target fish and mollusc species per tow. This means that discard rate values were overestimated, because only landed crustaceans and discards were considered: (discard rate = discards (kg) / (discards (kg) + commercial crustaceans (kg)). However, the presence of by-catch species was noted. For each sampled tow, geographic co-ordinates and depth were recorded at the beginning and at the end of the tow. Towing speed and duration were also recorded.
Analysis of variance was used to study the discard variation according to the above six groups of species. The arc-sin of the square root was used to transform the proportion index of each group prior to analysis of variance (SAS Institute Inc., 1988) .
Results

Sampling and study area
The observers went on 22 fishing trips during which 48 tows were sampled from seven trawlers. Most of the trawlers sampled were from the Port of Olhão; one of the most important in the Algarve and in Portugal, with the advantage of being located near the University where the samples were analysed (Fig.1) . On two occasions, the fishing trips were carried out on the West Coast on board trawlers from the Port of Sines (Fig. 1) . The seven trawlers that we sampled worked mainly in these two areas of the Portuguese coast.
As can be seen in Figure 1 , fishing took place near the above mentioned ports in fairly limited areas and depths. The characteristics of the fishing operations are summarised in Table 1 . This fishery is characterised by tows of considerable duration, with a mean towing time of 5 h and 46 min (sd = 123 min). The longest tow recorded was almost 12 h (Table 1) . Trawling took place at a mean towing speed of 2.9 Knots (sd 
Discard catch composition
Due to the conditions aboard the trawlers, it was not possible to collect discard samples from all 48 tows. For some of the tows, observers were limited to making observations and collecting some data on the catches. Discards from a total of 25 tows were sorted and weighed according to the six groups of species. The contribution by weight of each group for all 25 tows pooled together is shown in Figure 2 . As can be seen, Teleosts (68%) and Chondrichthyes (14%) dominated the by-catch by weight. Analysis of variance showed that the proportions between tows of the different groups were significantly different (p < 0.01). However, all the groups were always represented in the discard catch. Mean discards per tow were: 45.0 kg (sd = 40.5) Teleosts, 6.9 kg (sd = 11.1) Chondrichthyes, 4.2 kg (sd = 7.2) Others, 2.7 kg (sd = 5.0) Cephalopoda, 2.5 kg (sd = 2.8) Crustacea and 1.4 kg (sd = 2.3) Gastropoda. Teleosts (78%) and Crustacea (11%) dominated the discards in numbers in 14 tows where the numbers of each species were recorded (Fig. 3) .
A total of 91 species were identified, 47 vertebrates and 44 invertebrates corresponding to 65 families. The families identified are distributed among the main groups of species as follows: Teleosts 29 (44.6%), Crustaceans 18 (27.7%), Others 8 (12.3%), Chondrichthyes 4 (6.2%), Cephalopoda 4 (6.2%) and Gastropoda 2 (3.1%) (Tables 2 and 3) .
The 10 most important species in number and weight are listed in Tables 4 and 5. As can be seen in Table 4 , 9 fish and 1 crustacean species accounted for more than 82% of all the discarded biomass. The species Micromesistius poutassou (34%), Gadiculus argenteus (10%) and Hoplostethus mediterraneus (8%) were the three most important species in weight. However, species that were important in weight were not necessarily as important in discard numbers. As is shown in Table 5 , Gadiculus argenteus (29%), Hoplostethus mediterraneus (21%) and Nezumia sclerorhynchus (10%) accounted over 60% of all discards in numbers. As seen in Tables 4 and 5 the major discard species, in number and weight, are essentially all Teleosts and Chondrichthyes. The only two species from the other major groups were Bathynectes maravigna (Crustacea) and Polybius henslowii (Crustacea). Target crustaceans identified in the discards essentially consisted of specimen parts and were relatively unimportant in the discards. This component of the discards resulted from damage in the net and during the sorting process. Merluccius merluccius, an important commercial species, was discarded quite frequently, with most discards consisting of individuals below the minimum landing size of 27 cm total length. Commercial fish species were also occasionally discarded because of legislation limiting the percentage of fish by-catch that can be landed in this crustacean trawl fishery.
Landed catch and discard rate
The mean commercial crustacean catch per tow was 97 kg, ranging from a minimum of 10 kg to a maximum of 248 kg (Table 6 ). Discarded species varied from 6 kg to 170 kg per tow, with a mean of 58 kg per tow (Table 6 ). The mean discard rate per tow was 37% (sd = 21) ranging from 5% to 76% (Table 6) .
As expected, the most frequent species were the three major species of this fishery: the shrimp P. longirostris, the red shrimp A. antennatus and the Norway lobster N. norvegicus. Figure 4 shows the frequency of occurrence in the sampled tows of the commercial crustacean species. Parapenaeus longirostris was the most frequently caught with 97% occurrence. The Norway lobster and red shrimp had similar frequencies, respectively, 56% and 45%. Three other crustacean species, A. foliacea, P. edwardsianus and Plesionika sp., having high commercial value were also landed but less frequently caught. Figure 5 shows the mean catches in weight, per tow, of each of the commercial crustacean species.
In addition to the above commercial crustaceans, 21 species of fishes and molluscs of commercial value were also caught as by-catch (Fig. 6) . However, only two species (hake, Merluccius merluccius and angler fish Lophius piscatorius) occurred frequently as landed by-catch with 91% and 70% of frequency of presence, which, due to their high value, made Figure 4 . Frequency of presence of main target crustacean species. Pooled information from 37 tows.
important contributions to the value of the landings (Fig. 6) . The remaining species were occasional in the landed catch and occurred in less than 50% of the tows (Fig. 6 ). They were generally discarded due to low value and/or small quantities caught.
Discussion
Long tows along with the non-selective characteristics of the trawl net used lead to the capture of considerable quantities of by-catch per tow. Discard quantities and rates in this study were high but less than those reported by Borges et al. (1997) for the same fishery. The discarded proportion of the catch in the latter study ranged from 26 to 91% of the catch in weight, with an average of 70%. The difference in results is even higher if we consider that in the present study, the biomass comprising landed by-catch was not taken into consideration in the calculation of discard rates. These differences between the findings of the two studies can only be explained by inter-annual variability, with marked differences in the abundance of some of the key Teleost discard species from year to year. As in the previous study (Borges et al., 1997) , discards were dominated by a few vertebrate and invertebrate species. These two groups had almost the same specific richness in the catch; 47 vertebrate and 44 invertebrate discard species were identified, respectively. However, there were significant differences in terms of biomass and numbers, with Teleosts and Chondrichthyes accounting for 82% and 85% of the total discards in weight and number. Although catches varied considerably in terms of specific composition from tow to tow, the relative importance of each of the six main species groups was fairly constant. Discarded by-catches were dominated by 10 species of which the most important by number and weight were M. poutassou, G. argenteus, H. mediterraneus and N. sclerorhynchus . These four species represented about 60 and 70% of all discards in this study, respectively, by number and weight. These results are somewhat different from the ones obtained in the study by Borges et al. (1997) , where a greater number of species were reported. There was a significant difference in terms of specific composition between the two studies. Whereas, for example, in the current study M. poutassou (34%) was the dominant species in terms of weight, in the previous study it was the sixth most important species, behind Torpedo nobeliana (14.8%), S. canicula (14.6%), C. conger (10.4%), C. aper (6.0%) and M. merluccius (4.8%). T. nobeliana was not caught at all in the present study. As noted above, these differences are probably due to inter-annual variability and changes in abundance, in particular of small, schooling species such as M. poutassou and C. aper.
Only a few other studies have examined discards in southern European or nearby waters. Balguerías (1997) studied the discards of the cephalopod trawl fishery on the continental shelf off the Saharan coast (21 • N-26 • N) and reported a mean discard rate of 66% of the total catch with discards consisting of at least 60 fish species. Invertebrates were a significant component of the discards and the fish discards consisted mainly of small pelagics and under-sized sea breams (Sparidae). Tursi (1994) sampled two trawlers once a month in the Mediterranean (Ionian Sea), and found that a total of 64 fish species were discarded. Of these, 29 had no commercial value while 36 were discarded because the fish were under-sized. The two trawlers discarded 47% and 45% of the catch in weight.
The first comprehensive study of trawl discards in the western Mediterranean (Spain and Italy) was carried out with sampling on board commercial trawlers from June 1995 to June 1996 (Carbonell, 1997) . Stratification was by port (7) and depth (A:< 150 m, B:151-350 m, and C:> 350 m). Additionally, trawl type (2) and horse power (<, > 150 h.p.) were also used to stratify the sampling in two of the seven ports. A total of 609 species in 14 major taxonomic groups were caught, of which only 20% were commercially exploited and landed. Fish dominated the discards ( Osteichthyes: 128 species and Chondrychthyes: 24 species). Discarding rates were highly variable, with means ranging from 13.1% to 52.5% of the total catch among the different ports. Depth was an important factor influencing commercial fraction, discard rates, discard composition and reasons for discarding. The discarded biomass ranged from a low of 2.2 kg/h at depths greater than 350 m to 118.3 kg/h in the lower depth stratum. Invertebrates and algae contributed significantly to the discards in stratum A, while potentially commercial species were particularly important in stratum B and non-commercial species dominated at the greater depths.
More information is needed to improve our understanding of the impact of discarding on multi-species fisheries such as the one studied here. The exploited species are interdependent through competition and predator-prey relationships. In addition to the direct impact on populations of discard related mortality, there are ecosystem and trophic level effects which are poorly understood. Any effect on one stock, population or species may produce a change in another, resulting in readjustment in both populations (Hongskul, 1979; Saila, 1983; Alverson et al., 1994; McAllister & Spiller, 1994; Kennelly, 1995) .
There is some evidence that the introduction of food in the form of discards to scavengers can lead to significant ecological changes (Harris & Poiner, 1990; Alverson et al., 1994; Kennelly, 1995; Yamamura, 1997) . Discards represent an introduction of more or less localised but important quantities of energy and may constitute a perturbation of the trophic system, resulting in significant non-selective predation and scavenging. This energy is often directly available to the higher trophic levels, namely marine birds and large demersal scavengers such as sharks. Pauly & Christensen (1995) reported that the contribution of recycled discards to the energy budget may be significant in some marine ecosystems and discards were shown to contribute a significant part of the diet of many species of sea birds in areas such as the North Sea (Garthe et al., 1996) .
Future studies must focus on understanding the fate of discards, their impact on the marine ecosystem and on mitigation. From an economic perspective, there are possibilities of making a better use of some discarded species, thereby possibly reducing the pressure on target species. Technical measures such as the use of square meshes and grids can be used to significantly reduce by-catch in trawl fisheries (Kennelly, 1995) . The critical fact is that sustainable management of fishing resources must take place in the ecosystem context, with a good understanding of all the possible effects of fishing activities.
